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Abstract 
Dumping of milk whey with sewage causes large-scale losses of valuable milk components and increases the purification costs of 
dairy plants wastes. Whey can be valuable nutrient medium for cultivation of microorganisms and direct biosynthesis of the 
bioactive compounds, for example B12 vitamin. The main industrial producer of B12vitamin is Propionibacterium freudenreichii 
ssp. shermanii. It can use lactose as a main carbon source and it is able to grow in milk whey. Condensed whey usage can cut 
down expenses on transportation of the raw material and decrease the processing time and plant floor spaces needed for 
cultivation. Propionibacterium culture and symbiotic culture of Acetobacter aceti were cultivated in the nutrient media based on 
milk whey with different amount of solids for evaluation of lactose concentration influence on corrinoid formation. Joint 
cultivation of Propionibacterium freudenreichii ssp. shermanii and Acetobacter aceti in the whey-based nutrient media with 10 
% concentration of lactose is recommended for efficient production of condensed milk whey enriched by B12 vitamin. 
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1. Introduction 
Milk whey was considered, until recent time, only as a production waste despite of the high concentration of 
various useful components, such as lactose, proteins, free amino acids, vitamins and mineral substances. Now it is 
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recognized as a valuable secondary dairy raw material which can even surpass the skim milk in deep processing 
technologies [1]. 
Reconsideration of milk whey value was caused by various factors such as rising attention to ecological safety of 
food factories, increasing deficiency of dairy raw material and invention of new processing technologies and 
equipment [2] which made milk whey utilization more profitable. Nowadays the level of milk whey industrial 
processing is extended, but, nevertheless, it is still relatively low [3]. 
Dumping of milk whey causes large-scale losses of valuable milk components and increases the purification costs 
of dairy factories sewage polluted by whey components. This type of sewage has serious ecological danger due to a 
high content of organic substances. The biochemical oxygen demand for its utilization is 500-1000 times higher than 
for household wastewaters as shown in study of Nesterenko and Evdokimov [4]. 
Known ways of milk whey utilization can be divided into four basic groups: applying of milk whey in the natural 
form, partial processing of milk whey, separation and application of milk whey components and milk whey 
biotechnological processing. 
Nowadays the prevalent direction of whey processing is associated with making concentrates and other long 
storage products. Biotechnological processing is a growing direction of milk whey utilization. The most promising 
biotechnological techniques are whey components bioconversion with microorganisms and direct microbial 
synthesis of various complex high-molecular compounds such as enzymes and vitamins with minimum expenses.  
Thus milk whey is used as a basis for specialized nutrient media adapted for activity of certain species of 
microorganisms. These nutrient media provide conditions for maximum yield of a biosynthesis target product. 
Native milk whey contains from 3.5 to 5.2 % of lactose – the disaccharide sugar consisting of glucose and 
galactose molecules. Milk whey has also rich mineral structure and considerable amount of nitrogenous substances 
such as whey proteins, free amino acids, urea, uric acid, creatine, creatinine and ammonia [5]. Thereby milk whey 
can be used for direct biosynthesis of the bioactive compounds for food enrichment. The enriched whey can be used 
for production of functional foods for meeting human demand in certain food components and B12 vitamin is an 
example of it. 
B12 vitamin is a group the cobalt-containing biologically active substances, known as cobalamins, which 
participate in the biocatalytic reactions providing a haematogenic function and other important processes of an 
organism. Naturally they are synthesized by microorganisms only and contained in food of an animal origin.  
Chemical synthesis of B12 vitamin is very complicated, and presently its industrial production is exclusively 
biosynthetic [6]. The main industrial producers of B12 vitamin are strains of Swiss-type cheeses ripening culture 
Propionibacterium freudenreichii ssp. shermanii. These microorganisms synthesize biologically active forms of the 
vitamin. They can use lactose as a main carbon source and they are able to grow in milk whey [7]. 
Dairy factories can utilize milk whey by means of propionic fermentation and produce functional products based 
on milk whey enriched with B12 vitamin. It can partially solve the problem of profitable milk whey utilization. 
Condensed milk whey can be used to reduce whey processing capital costs. Its maximum concentration of solids 
should be no more than allowed by microorganisms’ cultivation conditions. Condensed whey usage can cut down 
expenses on transportation of the raw material and decrease the processing time and plant floor spaces needed for 
cultivation. 
2. Materials and methods 
Milk whey powder with the lactose content of 71.2% has been used as a basis for microbial nutrient media in this 
research. Dried whey was reconstituted to different concentrations of solids to determine the influence of solids 
content on bacteria metabolic activity. 
Water activity value has been used to compare suitability of the reconstituted milk whey samples for bacteria 
cultivation. It has been studied by freezing point method. Water activity is the partial vapor pressure of water in a 
sample divided by the standard state partial vapor pressure of water. It shows the amount of water available to 
microorganisms in a sample and corresponds with osmotic pressure of the liquid media. Water activity is important 
during microorganism cultivation on nutrient media with increased content of solids. Sharp fall of water activity and 
properties changes were observed in samples with concentration of lactose more than 15% (21% of solids) [8]. So 
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lactose concentrations of 5%, 10% and 15% were chosen for the nutrient media (7%, 14% and 21% of solids, 
respectively). 
The microorganisms used for B12 vitamin production were the industrial strain of Propionibacterium 
freudenreichii ssp. shermanii I-63, which is producing this vitamin intracellularly [9], and Acetobacter aceti RD-10 
which was used as a symbiotic culture. Bacteria were cultivated in the nutrient media with different concentrations 
of lactose and addition of 0.002% of CoCl2·6H2O and 0.001% of MgSO4. Cultivation lasted 48 h under anaerobic 
conditions and 48 h under aerobic conditions according to Zalashko [10]. The pH level was kept at about 6.9 by 
means of the nutrient media neutralization with sodium carbonate after 48 h and 72 h of cultivation. 
The vacuum cultivation method has been used for accumulation of bacterial biomass under anaerobic conditions 
at first 48 h of cultivation. Air was pumped out of flasks by means of special airtight plugs and the system of valves. 
It also promoted the removal of air from cultural liquid.  
Vacuum was replaced mostly by gaseous products of propionic fermentation as CO2 and H2 and anaerobic 
conditions were kept during the fermentation. Since oxygen is required for the biosynthesis of the lower ligand of 
B12 vitamin active form, 5,6-dimethylbenzimidazole, the second stage of the cultivation was performed with 
continuous aeration of fermented media by sparging of sterile air as recommended in [11]. 
Intracellular metabolites of bacteria including B12 vitamin were released after the cultivation by thermal 
destruction of cells with heating up to 70±2ºɋ within 10 minutes [12]. 
3. Results and discussion 
Measurements of titratable acidity of the milk whey were performed during the cultivation for the analysis of 
bacteria metabolic activity. This was done by titration with 0.1 N NaOH solutions for evaluation of organic acids 
amount synthesized by bacteria as their primary metabolites. Results were compared in Turner degrees (Table 1). 
Table 1. Results of cultivation. 
Sample 
Lactose 
concentration 
Additives to medium 
Titratable acidity, ºT 
Before 
fermentation 
Anaerobic 
fermentation 
Aerobic 
fermentation 
24 h 48 h 72 h 96 h 
1 5% 0.002%  of CoCl2·6H2O; 0.001% of 
MgSO4 
5% of Propionibacterium culture 
 
0.7±0.1 1.5±0.1 2.4±0.3 í 1.0±0.1 
2 10% 1.6±0.1 2.7±0.1 4.2±0.3 í 1.4±0.1 
3 15% 2.4±0.1 4.2±0.2 5.7±0.4 í 1.9±0.2 
4 5% 0.002%  of CoCl2·6H2O; 0.001% of 
MgSO4 
5% of Propionibacterium culture 
5% of Acetobacter culture 
1.1±0.1 1.6±0.1 3.4±0.1 2.8±0.1 2.6±0.1 
5 10% 2.2±0.1 2.7±0.1 5.2±0.2 3.6±0.1 4.0±0.2 
6 15% 3.4±0.2 3.8±0.3 6.8±0.4 5.6±0.2 5.8±0.2 
 
Photometric analysis of fermented media has been done after the end of fermentation process, thermal destruction 
of cells and filtration of the media. Propionic bacteria use Co (II) from a solution during cultivation and turn it into a 
corrin ring of cobalamines which have light absorption maximum at a wavelength of 351-375 nm [13].  
Graphical method based on additivity principle has been used for comprehensive analysis of corrinoid 
concentration as described in [14]. The absorption spectra were averaged by comparing spectra of multiple probes. 
Difference between optical density peaks and curves without peaks was measured; the results are shown in relative 
photometrical units (Table 2). 
The results show that increasing solids concentrations in the nutrient medium cause reduction of overall 
metabolic activity of propionic bacteria, but not of the symbiotic culture. Hence the negative effect of high solids 
concentrations on propionic bacteria metabolic activity can be partially smoothened by adding a symbiotic culture of 
acetic bacteria.  
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Table 2. Comprehensive analysis of corrinoid concentrations in fermented milk whey samples under various treatment conditions. 
Lactose concentration, % 
Pure Propionibacterium culture Symbiotic culture 
5 10 15 5 10 15 
Absorption maximum, nm 361 359 362 360 360 359 
Overall optical density 1.403 1.564 1.715 1.368 1.649 1.743 
Optical density without peak 1.294 1.497 1.666 1.290 1.559 1.695 
Optical density difference 0.109 0.067 0.049 0.078 0.090 0.048 
Content of corrinoids, photometrical 
units (D·100) 10.9 6.7 4.9 7.8 9.0 4.8 
Relative content of corrinoids, % 100.0 61.5 45.0 100.0 115.4 61.5 
 
In this study the maximal corrinoid concentration was observed after the joint cultivation of Propionibacterium 
freudenreichii ssp. shermanii and Acetobacter aceti in the whey-based nutrient media with 10% concentration of 
lactose. Average B12 vitamin content exceeded the one in the control samples by 15.4%. 
Nowadays B12 vitamin is the one of the most expensive vitamins due to high complexity and duration of its 
production. The technology which allows increasing this vitamin content after single cultivation can be very 
promising and condensed milk whey is a valuable raw material for it. 
Condensed milk whey enriched by B12 vitamin can be used as a vitamin supplement for various forages, for 
example in a production of enriched whole milk substitutes and other fodder products. Also it can be used as an 
additive for various enriched food products, such as beverages, jellies, fermented dairy products, cheeses and bakery 
with increased content of B12 vitamin. 
A small amount of sodium propionate is formed during neutralization of nutrient media by sodium carbonate. 
Sodium propionate is allowed for application as a preservative in cheeses, cheese products and bakery, so using 
enriched condensed milk whey can increase these products shelf life. This effect still needs further investigation. 
4. Conclusions 
Our study shows that vitamin B12 production can be improved by using condensed milk whey as a nutrient media 
basis. Milk whey condensation can also reduce the transportation and fermentation costs. Joint cultivation of 
Propionibacterium freudenreichii ssp. shermanii and Acetobacter aceti in the whey-based nutrient media with 10% 
concentration of lactose is recommended for efficient production of condensed milk whey enriched by vitamin. 
Production of enriched condensed milk whey can increase the volumes of recycled milk whey and reduce 
ecological danger of dairy factories. It can be used as an additive in a production of various dairy products fortified 
with B12 vitamin like cottage cheeses, beverages, etc. The enriched whey can be also used in a technology of other 
non-dairy fortified foods like bakery and confectionery products for the purpose of ensuring of required daily 
vitamin intake. 
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